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(57) ABSTRACT

A wrapped and curing substrate 1s secured: with a strap. The
strap has two clips, each having a prong. The prong of a first
clip 1s slid 1n a first direction into a first portion of the
wrapped substrate. A second clip 1s pulled away from the
first clip over a substrate edge, and the prong of the second
clip 1s slid into a second portion of the wrapped substrate in
a direction opposite the first direction. In one embodiment,
the first portion of the wrapped substrate 1s an overlapping
layer of substrate, and the second portion of the wrapped
substrate 1s the layer of substrate extending from underneath
the overlapping substrate.

23 Claims, 2 Drawing Sheets

S0y,

(
a

N\

5 /R

A5



U.S. Patent Apr. 8, 2003 Sheet 1 of 2 US 6,543,487 B2

/ 5k 5S¢ jd/@ //

75 -\ r" .
"'gn \_/

5 /L




U.S. Patent Apr. 8, 2003 Sheet 2 of 2 US 6,543,487 B2

G 1

/ 5b S Py

L\ A\ gy
i

Sa 5 L6 /<




US 6,543,437 B2

1

METHOD OF SECURING A CURING
COMPOSITE SUBSTRATE WRAP TO A
STRUCTURE

FIELD OF THE INVENTION

This 1nvention relates to a method of securing a curing
composite wrap material wrapped about a structure. In
particular, this 1nvention relates to securing a substrate to a
cylindrical or rectangular block structure, such as a pipe, or
column, using at least one strap with clips to hook mnto and
connect the substrate to an overlapping layer of substrate,
thereby affecting a repair both by allowing the substrate to
cure without peeling away from the pipe, column or struc-
ture and by creating additional tension on the substrate
during the cure cycle. An end edge of the substrate may be
more firmly secured along its full length by placing a plastic
bar under the strap.

BACKGROUND OF THE INVENTION

Pipe systems provide basic utilities to the public, such as
water, gas, petroleum, and sewage. These basic utilities and
petroleum pipeline operators are often heavily relied upon
by the public. As such, the pipe systems are usually 1n a state
of full operation, 1.¢. optimal flow rate.

Pipelines and other cylindrical or rectangular block
structures, whether above ground or below, submerged or
partially submerged, occasionally suffer damage. Over time,
these structures can be damaged from rust, corrosion or
other degradation. The damage can also occur during repair
or 1nstallation of the structure, for example from tool 1impact
or falling debris.

The damage to the pipe usually results 1n a reduced flow
rate. At the damaged area of the pipe, there 1s a smaller
cross-sectional thickness of the pipe. The thickness of the
pipe 1s 1nversely proportional to the hoop stress of the pipe,
1.e. the circumierential stress 1n the pipe due to the opera-
fional fluid pressures 1n the pipe. Accordingly, there 1s a
larger hoop stress 1n the damaged area as compared to the
rest of the pipe.

The hoop stress 1n the pipe 1s proportional to the strain in
the pipe. Therefore, the larger hoop stress 1n the damaged
arca results 1n a proportionally larger strain. The larger strain
in the damaged arca of the pipe causes further damage.
Consequently, to minmimize the potential damage to the pipe,
the pressure 1n the pipe 1s lowered which reduces the flow
through the pipe until the pipe 1s repaired or replaced.
However, flow reduction i1s undesirable because the utility
service 1s correspondingly reduced. There 1s usually a very
limited amount of time that the pipes and pipe systems can
operate at the reduced flow rate, while not seriously affecting
utility service.

It 1s often more cost effective to permanently repair the
leaking or damaged pipe rather than replace 1t. When the
damaged pipe 1s replaced, the downtime of the system, the
labor costs, the material costs, as well as the costs associated
with the loss of utility services are often large.

An expedient method of repair mvolves, at least 1n part,
applying a structural reinforcement by way of wrapping the
structure with a flexible repair substrate. Such {flexible
substrates are commonly tapes (defined principally by
films), woven fabrics, and non-woven fabrics. Non-woven
fabrics are characterized by the non-parallel, random orga-
nization of the component fibers, for example, paper. The
flexible substrates are often used in conjunction with various
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adhesives, resins, putties, and fill materials. The sum of the
various components 1s a composite substrate. The composite
substrate 1s wrapped about the pipe while the substrate is
curing.

The flexible repair substrate has a characteristic tensile
strength of 1ts own. In the finished repair, the substrate is
pulled or tensioned in several turns about the pipe, thus
applying to the pipe a compressive force pattern which acts
counter to hoop stresses created by fluid pressure 1n the pipe.

Because of the tight substrate wrap about the pipe, when
the pipe 1s strained by internal fluid pressure, the repair
substrate also strains proportionally to share hoop stress with
the pipe. This method of repair keeps the strain and stress in
the damaged area of the pipe within acceptable limits when
full operational fluid pressures are applied within the pipe.
If one layer of substrate cannot withstand the tension created
by the shared hoop stress, additional or thicker layers of
substrate are added. Overlapping adjacent layers of substrate
and/or wrapping additional layers of substrate over the
damaged arca of the pipe provide the thicker substrate
layers, and thus more strength 1n the repair. The overlap of
the adjacent layers renders the substrate being angled rela-
tive to the central axis of the structure, or having a spiral-
shape or helix-shape wrapping material about the structure.
With a low helix pitch, there 1s a greater the amount of
overlapping substrate. Conversely, with a greater helix pitch,
there 1s a lesser amount of substrate that overlaps.

After the composite substrate 1s wrapped about pipe, the
substrate 1s typically still 1n a state of curing. At this point,
depending upon the curing stage, there 1s a possibility that
an end edge of the substrate may not adhere to the previously
wrapped layer of substrate. The end edge of the substrate
then begins to peel back unless the operator holds the
substrate end edge until adherence. If the end edge peels
away from the pipe, the substrate will finish curing in this
position, that 1s, where the end edge of the substrate 1s not
in contact with the previously wrapped layer of substrate. If
cured 1n this position, the substrate end edge will no longer
be able to adhere to the previously wrapped substrate, and
the repair will be compromised. In underwater applications
water tlow, from tides, for example, may cause the compos-
ite substrate to unwind before it cures.

The most common structures that are repaired by way of
wrapping with a flexible substrate are cylindrical or rectan-
ogular box structures, such as utility poles, architectural and
industrial support columns, and pipes. However, other
shaped structures, with both regular and irregular cross-
section, can also often be advantageously repaired by way of
wrapping the structure with a flexible reinforcing substrate.
Structures that may need repair may be comprised of metal,
concrete, composites, liberglass, and plastics, including
polyethylene, PVC, and polyurethane.

SUMMARY OF THE INVENTION

A pressurized vessel or pipe 1s operated 1n a pressurized
fluid system. A fluid in the pressurized vessel 1s intended to
be present at a predetermined pressure. The vessel has a wall
that has a condition (i.e., damage) in a localized area that
creates a hoop stress that 1s greater than the pipe’s design
hoop stress at the design fluid pressure. To prevent further
damage to the pipe, a flexible composite substrate 1s tightly
wrapped and secured around the localized area of the pipe.
The substrate thereby reduces the hoop stress 1n the local-
1zed area of the pipe.

The wrapped and curing substrate 1s secured with a strap.
The strap has two elastically connected clips, each having
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prongs. The prongs of a first clip are slid 1n a first direction
into a first portion of the wrapped substrate. A second clip 1s
pulled away from the first clip over a substrate edge, and the
prongs of the second clip are slid 1nto a second portion of the
wrapped substrate 1n a direction opposite the first direction.
In addition to avoiding an unravel of the substrate while the
substrate 1s curing, the clips may also add tension to the
substrate. Additional holding power can be applied using
several straps. Alternatively, or 1n addition, a tension bar 1s
applied across the end edge of the curing substrate under the
straps. The straps and/or the tension bar may be removed
after cure or remain to provide the additional tensile force.

In one embodiment, the first portion of the wrapped
substrate 1s an overlapping layer of substrate, and the second
portion of the wrapped substrate 1s the layer of substrate
protruding from underneath the overlapping substrate.

DESCRIPITTON OF THE DRAWINGS

These and other features and advantages of the present
invention will become appreciated as the same becomes
better understood with reference to the specification, claims
and drawings wherein:

FIG. 1 1s a side view of a damaged pipe that has been
partially wrapped by a substrate;

FIG. 2 1s a side view of a pipe repaired with a substrate
using straps according to one embodiment of the present
mvention;

FIG. 3 1s an enlarged view of one of the straps shown in
FIG. 2; and

FIG. 4 15 a side view of a pipe repaired with a substrate
using straps according to another embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 illustrates a cylindrical structure (or pipe) 1 with a
damaged area 2 on an outside surface thereof that 1s 1n the
process of being repaired according to the present invention.
[llustrated 1n FIG. 2 1s the repaired pipe 1 wrapped with a
moisture-curable, resin-impregnated substrate 5 to cover the
damaged area 2.

The substrate 1s preferably a composite substrate 1mpreg-
nated with a resin that i1s sticky or tacky. This resin helps
adhere the substrate to the pipe while the substrate 1s pulled
fightly around the pipe.

As shown 1n FIG. 2, the substrate 5 1s wrapped such that
the substrate has adjacent layers or wraps Sa, 5b, 5¢, 5d
which overlap. Layers Sa, 5b, 5¢ each make one complete
wrap about the pipe. Generally there 1s a consistent amount
of overlap between the adjacent layers Sa, 5b, Sc, 3d,
resulting 1n layers that are similarly angled or pitched with
respect to a central axis 4 of the pipe along the length of the
repair.

The substrate 5 has two end edges 3, 6 at opposite ends
from each other. In a preferred embodiment, the layers 3a,
5b, 53¢, and 5d are mtegrally coupled end to end. At a first
end of the first layer Sa 1s the end edge 3. The layer 5b
integrally couples to the layer 5a at an end opposite the end
edge 3. Layers 5¢ and 5d likewise mtegrally couple to ends
of layers 5b and 5c, respectively.

The end edge 3, which 1s adjacent layer 54, 1s positioned
along the pipe 1n an area adjacent the damaged area 2. In one
embodiment, the end edge 3 1s positioned along the pipe
parallel to the central axis 4. Layer 3a 1s deposited along the
pipe substantially perpendicular to the central axis 4 of the
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pipe. Because the substrate 5 1s tacky, the end edge 3 as well
as layer 5a adheres to the pipe as the entire substrate layer
Sa 1s stretched and pulled around the pipe. Layer 5b at least
partially overlaps layer Sa. In the preferred embodiment,
layer 5b covers the end edge 3 so that the end edge 3 1s not
exposed and 1s less likely to peel away from the pipe. Layers
5b and 5c are spirally positioned along the pipe and they
partially overlap layers Sa and 5b, respectively. In one
embodiment, layer 5d 1s deposited along the pipe substan-
tially perpendicular to the central axis 4 of the pipe and
substantially parallel to layer Sa. Layer 5d at least partially
overlaps layer Sc. At the end of layer 5d 1s the end edge 6.
The end edge 6 overlays the layer Sc.

In order to secure the overlapping substrate layer Sd so
that the end edge 6 of the substrate 5 remains 1n contact
therewith during cure, straps 10 are used. Each strap 10 has
two elastically connected clips (or discs) 11, 12. As shown
in FIG. 3, the clips 11, 12 each have a surface 18 and prongs
15 punched out from the surface 18 to form triangular-
shaped fingers. Further, the clips 11, 12 each have a fasten-
ing point 21 upon which a rubber strip 20 is fastened for
clastically coupling the first and second clips 11, 12 to each
other. The straps 10 are thereby used to create a pair of claws
on cach end of a stretchable segment. In a preferred
embodiment, the clips 11, 12 are round disks of sheet metal
or plastic that are curved to fit the contour of the pipe. In
another embodiment, the clips 11, 12 are substantially flat.

In one embodiment, there are three prongs 15 punched out
from each clip. The three prongs are spaced from edges of
the surface 18 and from each other at substantially equal
distances. Each of the triangular shaped prongs 15 have a
pointed end 16, and a base end 17 opposite the pointed end
16. The base end 17 of each of the prongs 15 remains
coupled with the clip surface 18. The pointed ends 16 of
cach of the prongs 15 on the first clip 11 extend out from the
clip surface 18 and point towards the second clip 12, and the
ends 16 of the prongs 15 of the second clip 12 point toward
the first clip 11. In one embodiment, the prongs 15 are
substantially parallel to the clip surface 18. In another
embodiment, the prongs 15 are angled from the surface 18
of the clips. The angle and quanfity of the prongs vary
according to a suitable holding strength, which depends
upon the application.

As shown 1n FIG. 2, the straps 10 couple the end edge 6
of the substrate layer 5d onto the previously wrapped layer
Sc of substrate. In one embodiment, the prongs 15 of the first
clip 11 are shid into the overlapping substrate layer 5d near
the end edge 6 of the substrate. Then, 1n a direction perpen-
dicular to the central axis 4, the second clip 12 1s pulled or
stretched away from the first clip 11 over the end edge 6, and
the prongs 15 of the second clip 12 are placed into the
previously wrapped substrate layer 5c. Alternatively, the clip
may be placed in layer 5¢, before being placed 1n layer 3d.

The material for the clips 11, 12 may be any corrosion
resistant material, and may include metal or plastic. The
clastic material that couples the first and second clips 11, 12
may be any suitable stretchable material, such as rubber. In
a preferred embodiment, the elastic material 1s a rubber
band, and the attachment point 21 1s a hole i the clip
through which the rubber band attaches to the clip.

The disks can be made from various types of metal or
plastic. Metals not limited to steel, aluminum, brass, copper,
and stainless steels can be used for corrosion resistance or
for intentional environmental degradation. The thickness for
these disks 1s about 0.015" to 0.020" and the diameter of the
disks 1s about 1 %16". However, both the thickness and the



US 6,543,437 B2

S

diameter of the disks may be increased (or decreased), for a
larger (or smaller) amount of holding power (tension) in the
substrate. In addition, as the number of stamped fingers
increases or as the fingers lengthen, the likelihood of having
a secured substrate 1ncreases.

In addition to avoiding unraveling of the substrate 5§ while
the substrate 1s curing, the straps 10 may also add tension to
the substrate. As the distance between the elastically coupled
clips 11, 12 increases, additional tension 1n the substrate, due
to the tension in the rubber strip 20, increases. In an
alternative embodiment, illustrated in FIG. 4, a bar 25 1s
positioned over the end edge 6 of the substrate, and under the
rubber strip 20 coupling the clips 11, 12. The bar may be
fabricated from plastic or metal.

The bar 25 holds down the substrate end edge and has a
length that substantially corresponds to the length of the end
edge of the substrate (i.e., the width of the substrate). The
force created by the rubber strip 20 presses the bar 25
uniformly over the end edge 6, while the substrate cures. In
a preferred embodiment, the bar 25 1s plastic and 1s easily
released from the substrate that has cured. In one
embodiment, the bar 25 has a release coating deposited
thereon to aid in the releasability of the bar from the repair.

The straps 10 may be removed after cure or remain to
provide the additional tensile force. When the straps remain
as part of the reparir, the straps are useful 1n harsh environ-
ments. For example, wind and fides tend to loosen and/or
move the loose ends of substrate fabric to result in unrav-
cling of the substrate. With use of the straps, there 1s less
likelihood of unraveling of the substrate.

The applied substrate preferably extends a desired dis-
tance 1n both directions along the pipe from the damaged
arca, so that effect of the repair on the pipe 1s not exclusively
concentrated at the damaged area.

As explained 1 the Background of the Invention, the
substrate undergoes a tensile stress from the tight wrap
and/or the straps, and a compressive stress on the pipe
results. In addition, the substrate increases the cross-
sectional area of the pipe at the damaged section, which
decreases the hoop stress 1n the pipe. Further, as the substrate
1s tightly wrapped about the pipe, the substrate will strain or
expand the same amount as the pipe when under fluid
pressure. The substrate thereby absorbs some of the hoop
stress from the internal pipe pressure. These factors lead to
reducing the total hoop stress on the pipe and the substrate
taking some amount of the hoop stress or pressure load.

Substrates used to wrap cylindrical structures are prefer-
ably made of fiberglass and other composite fabrics 1mpreg-
nated or coated with resins that cure to a hard, structurally
strong state within a short period of time. One example of
this 1s a fiberglass substrate, pre-impregnated with a poly-
Isocyanate resin which cures 1nto a hard polyurea upon
contact with water or atmospheric moisture.

A preferred resin-impregnated substrate 1s Aquapreg, a
product of Air Logistics Corporation, Pasadena, Calif. and
Dallas, Tex. (airlog.com). Aquapreg is a cloth, either woven
or nonwoven, and may have unidirectional fibers impreg-
nated with water-activatable resin. Aquapreg 1s useful 1n
mold fabrication of structures, structural repairs, and pipe
repairs and reinforcements. The resin impregnated in the
Aquapreg substrate 1s a water activated polyurethane resin.

The preferred resin-impregnated substrate 1s made avail-
able 1n a vacuum sealed package because 1t starts to cure
when exposed to atmospheric moisture, or immersed 1n or
sprayed with water. As the substrate cures, it generally
releases carbon dioxide. Usually, the substrate cures within
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30 minutes of contact with water, and within 1 hour of
exposure to atmospheric moisture. Preferably, the substrate
1s exposed to temperatures just above freezing to around
200° F. (93° C.) when curing.

After cure, the resin-impregnated substrate creates a water
tight seal. The cured substrate is resistant to rust, corrosion,
other chemicals such as fuel, most solvents, most acids, and
alkaline substances. Also, the cured substrate 1s resistant to

a broad range of temperatures: from about -55° F. to about
400° F.

In the present invention, the substrate neither substantially
shrinks nor expands after the prestressing and curing stages.
Accordingly, the repair lasts as long as the life of the pipe.

Minimal clean up or waste 1s associated with using
substrates pre-impregnated with resin because the resin 1s
premixed, already impregnated into the fabric. Resin-
impregnated substrates offer an easily installed system,
which 1s strong, lightweight, long lasting 1n severe
environments, odorless and have environmentally benign
reactions upon curing. In any event, due to the chemical
nature of the resin impregnated substrate, protective gloves
should be used when handling the substrate.

In an alternative to the substrate being resin-impregnated,
the resin may be applied to the substrate by hand. However,
substrates that are hand-coated with resin usually are asso-
ciated with large costs and waste. The user tends to mix
more resin than 1s needed, and tends to apply more resin to
the substrate than necessary, both of which lead to waste.
Additionally, the time that it takes to mix and apply, as well
as clean up the resin, leads to large labor costs. Further,
resins commonly used for application by hand, ¢.g. epoxy,
phenolics and polyester, emit fumes during mixing of the
adhesives.

A fiberglass substrate 1s formed by weaving fibers or
filaments of desired characteristics. Fibers or filaments of
different materials can be incorporated into the substrate.
Commonly used fibers and filaments include glass, carbon,
steel, kevlar, and plastic.

E-glass preferably i1s the glass formulation used in the
fiberglass reinforcement. In alternate embodiments, the
composite substrate has fibers comprised of aromatic polya-
mide (aramid), more particularly Kevlar® of duPont (a very
strong aramid yarn), carbon, and/or metal, such as steel,
titantum. The fibers provide structural strength to the sub-
strate. However, having reinforcing fibers 1n both the warp
direction (the circumferential direction of the pipe) and the
fill direction (the weft direction opposite the warp direction)
of the substrate 1s costly.

Because the hoop stress circumferentially around the pipe
1s twice the stress in the longitudinal direction, greater
structural strength and reinforcement 1s preferably around
the cylindrical pipe rather than along its length. Therefore,
there are preferably more fibers 1 the wrapped substrate that
are substantially parallel to 1ts warp direction rather than
those 1 the fill direction. In one embodiment, when the
substrate 1s wrapped along the pipe with a relatively narrow
bias angle (i.e., wrapped over a substantial portion of the
previously wrapped layer so that the angle between the
longitudinal edges of the overlapping layers is small) the
fibers 1n the wrapped substrate are substantially parallel to
the circumferential direction of the pipe. Consequently, this
bias angle provides the maximum benefit of the angle of the
substrate fibers. As a result, the substrate need not be applied
multiple times 1n many different angles to provide the
required repair strength.

In the present invention, the E-glass tape fabric has a
warp/fill fiber ratio between 50/50 and 95/5. Preferably, the
E-glass tape fabric has a warp/fill fiber ratio between 60/40
and 75/25.
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Preferably, the substrate uses specially designed weaves
and materials to provide significant strength, stiffness and
cost advantages over standard glass cloth. The weave of the
fiber has a high density, so that leaks in the material are
scaled. The fibers 1n the fabric can be woven together with
a nylon thread. In alternative embodiments, the fibers 1n the
fabric can be braided, or thermally stitched. The process of
weaving allows a set of yarns or fibers running 1n the warp
direction to be interlaced with another set of yarns or fibers
running across the fill. In one embodiment, criss-cross 45
degree patterns and longitudinal stitching are used, so that
the fibers are heavily biased in the warp direction.

The substrate fabric 1s manufactured 1n large sheet rolls.
The substrate fabric 1s then cut into workable pieces. Either
the pieces cut from the middle of the ream or at the end of
the ream (called the ‘selvage’) can be used effectively as the
substrate 1n the present invention.

The substrate (without the resin) can have a weight of
about 6 0z to 24 oz per square yard. However, typically the
cloth composite (with the resin) is at least about 9 oz per
square yard, but rarely over about 36 oz per square yard.

The surface of the damaged area 1s preferably prepared
before applymg the substrate to the pipe. The surface 1s
prepared by using emery paper or another substance to clean
and/or roughen the damaged arca before the substrate is
applied 1n order to 1improve adhesion.

An advantage of the above described pipe repair 1s that the
pipe can be repaired while under either partial pressure or
the then—acceptable operational pressure. There 1s no need
to shut down the flow of fluid through pipe 1n order to repair
the pipe as 1s usual 1n pipe repair.

While the invention 1s disclosed in conjunction with the
specific embodiments thereof, 1t 1s to be evident that many
alternatives, modifications, and variations will be apparent
to those skilled i1n the art in light of the foregoing descrip-
tion. It should readily be understood that the embodiments
described and 1llustrated herein are 1llustrative only, and are
not to be considered as limitations upon the scope of the
present invention. Variations and modifications may be
made 1n accordance with the spirit and scope of the present
invention.

For 1nstance, 1t 1s understood that the scope of the present
invention could similarly encompass substrate materials
which are highly 1nelastic, resistant to stretch.

It 1s also understood that the scope of the present inven-
tion could encompass various types and positioning of the
straps, mncluding that of the clips and prongs. For instance,
the straps may not be positioned substantially perpendicular
to the central axis 4 of the pipe, 1n that the straps 10 couple
the end edge 6 of layer 54 of the substrate onto the layer Sa
or 53b of substrate. In other embodiments, the shape of the
clips may be triangular, square, or another various shape.
The surface 18 of the clips may be substantially flat. There
may be more than three prongs 15, or even one or two
prongs 1n the clips.

In an alternative embodiment, the clips 11, 12 are coupled
with any suitable biasing mechanism. The biasing mecha-
nism includes at least one of a spring, a spring material, an
clastic material or any other known biasing means.

The repair method of the present invention also encom-
passes repairing generally cylindrical and rectangular block
structures or vessels, such as telephone or utility poles,
architectural and industrial support columns, beams and
columns of buildings and bridge structures, and pipelines as
described 1n the Background of the Invention. Other struc-
tures or vessels, with either a regular or an 1rregular cross-
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section, can also often be advantageously repaired by wrap-
ping the structure with a flexible reinforcing composite
substrate. It 1s also understood that the scope of the present
invention could encompass repair for damage to an 1nside
surface of the wvessel, rather than an outside surface.
Accordingly, 1t 1s intended to embrace all such alternatives,
modifications and variations as falling within the spirit and
broad scope of the appended claims.

What 1s claimed is:

1. Amethod of securing a curing substrate that 1s wrapped
about a structure, the method comprising:

sliding a prong of a first clip of a strap into a first portion
of the wrapped substrate, wherein the prong 1s slid 1n a
first direction;

pulling a second clip, that 1s coupled with the first clip,
away from the first clip over a substrate edge;

positioning a bar over the substrate edge and under the
strap; and

sliding a prong of the second clip into a second portion of
the wrapped substrate, wherein the prong is slid in a
direction opposite the first direction,

wherein the clips secure the substrate 1n position during

cure of the substrate.

2. The method of claim 1 wherein the first portion of the
wrapped substrate 1s an overlapping layer of substrate, and
the second portion of the wrapped substrate 1s a layer of
substrate that extends from underneath the overlapping
substrate.

3. The method of claim 1 wherein the clips provide
tension 1n the substrate so that the substrate remains in
tension during cure.

4. The method of claim 1 wherein the clips are made of
a corrosion resistant material.

5. The method of claim 1 wherein the clips are made of
a biodegradable material.

6. The method of claim 1 wherein the clips are curved to
fit the contour of the structure wrapped by the substrate.

7. The method of claim 1 wherein the clips are capable of
being removed when the substrate 1s cured.

8. The method of claim 1 wherein the clips are coupled
with elastic material.

9. The method of claim 8 wherein the elastic material 1s
a rubber strip.

10. The method of claim 1 wherein each prong 1s punched
out from the clips and has a triangle shape, wherein each
triangular shaped prong has a pointed end, and a base end
opposite the pointed end, wherein the base end of each prong
1s coupled with a surface of the clips.

11. The method of claim 10 wherein the pointed end of the
prong on the first clip points toward the second clip.

12. The method of claim 1 wherein there 1s at least one
prong 1n each clip.

13. The method of claim 12 wherein there are three prongs
spaced from each other on each clip.

14. The method of claim 12 wherein there are more than
three prongs 1n each clip.

15. The method of claim 1 wherein the flexible substrate
1s a fiberglass fabric impregnated with a moisture-curable
resin.

16. The method of claim 1 wherein the flexible substrate
1s a substrate with an epoxy resin.

17. The method of claim 1 wherein the flexible substrate
1s a substrate with a phenolic resin.

18. The method of claim 1 wherein the flexible substrate
1s a substrate with a polyester resin.

19. The method of claim 1 wherein the bar is plastic.
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20. The method of claim 1 wherein the bar 1s releasable
from the cured substrate.

21. A method of connecting an underlying layer of a
composite substrate to an end edge of an overlapping layer
that overlaps the underlying layer of substrate, the method
comprising:

sliding prongs of a first clip of a strap into the overlapping,

layer of the substrate near the end edge thereof, wherein
the prongs are slid 1n a first direction toward the end
cdge;

pulling a second clip, that 1s coupled with the first clip,

over the end edge and away from the first clip;

positioning a bar over the substrate edge and under the
strap; and

sliding prongs of the second clip into the underlying
substrate layer, wherein the prongs are shid toward the
end edge 1n a second direction which 1s opposite the
first direction,

wherein the clips secure the substrate during cure of the
substrate.

22. A combination of a curing substrate and a strap

securing the curing substrate, the combination comprising;:

a composite substrate that 1s wrapped about a structure
wherein an overlapping layer of the substrate 1is
wrapped over an underlying layer of the substrate,
wherein an end of the overlapping layer 1s an end of the
substrate;
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a strap having a first clip and a second clip coupled to the
first clip, wherein each clip has prongs; and

a bar positioned over the substrate end and under the
strap;

wheremn the prongs of the first clip are shid 1n a first
direction 1nto the overlapping layer of the substrate
necar the end of the substrate, the second clip 1is
stretched away from the first clip and the prongs of the
second clip are slid into the underlying layer of the
substrate 1n a second direction that 1s opposite the first
direction,

wherein when the substrate 1s curing the clips secure the
end of the overlapping layer of substrate to the under-
lying layer of substrate and the bar holds down the
substrate end.

23. A method of repairing a damaged area of a cylindrical

structure comprising:

wrapping a strip of flexible substrate around a damaged
area of the cylindrical structure at least once;

positioning a bar over an edge of the substrate; and

strapping an end of the substrate to a previously wrapped
layer of substrate.
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